Yields of greater than Io 7 p.f.u./ml at 28 or 37 °C of the alphavirus Sindbis and the flavivirus Kunjin were obtained in the Aedes albopictus (Singh) cell line, the latent periods being 4 to 6 and to to I2 h, respectively. Despite a high background of host protein synthesis, virtually all the virus-specified proteins of the flaviviruses Kunjin, Dengue-2 and Japanese encephalitis were labelled and resolved by slab gel electrophoresis of infected and uninfected cell proteins. In contrast, only one induced protein, of mot. wt. 3oooo, was identified in cells labelled during Sindbis virus infection. The envelope glycoprotein V3 of Kunjin virus was resolved as a double band in samples of infected cytoplasm labelled with aH-glucosamine, similar to that of carbohydrate-labelled V 3 in vertebrate (Vero) cells. Attempts to reduce host protein synthesis selectively during labelling periods were unsuccessful using either a hypertonic inhibition block or treatment with o. I/zg actinomycin D per ml. The most efficient labelling of Kunjin virus-specified proteins was achieved at 37 °C in the presence of actinomycin D. The largest non-structural flavivirus protein NV 5 migrated slightly faster than NV 5 from infected vertebrate (Vero) cells. The small non-structural proteins NVI, NVI½ and NV2 from infected mosquito cells were successively trimmed during post translational periods exceeding 7o min, compared to much shorter periods reported previously for post translational modificiations of these proteins in vertebrate cells.
INTRODUCTION
Togavirus infections of cultured mosquito cells have been studied with regard to establishment of persistent infections and to synthesis of alphavirus-specified RNA (Davey & Dalgarno, I974; Eaton & Regnery, I975; Igarashi et ak I977; Riedel & Brown, I977) . There have been no reports of identification of togavirus-specified proteins in infected mosquito cells. However, because persistent infections are readily established, the implication is that no significant switch-off of host protein synthesis occurs and therefore identification of additional (virus-specified) proteins will be difficult. In this report we show that togavirus proteins synthesized in the Aedes albopictus (Singh) cell line may be resolved against a high background of host protein synthesis by slab gel electrophoresis or by difference analysis (Westaway, I973, I975; Westaway et al. I977) .
oo22-I317/79/oooo-3315 $02.00 ~ 1979 SGM M. L. NG AND E. G. WESTAWAY
METHODS

Viruses and cell cultures. Stocks of Kunjin virus (strain MRM 6IC; Westaway, i966),
West Nile (Sarafend), Japanese encephalitis (Nakayama), Dengue-2 (New Guinea C) and Sindbis (MRM 39) viruses (Doherty et al. 1963) were prepared from IO% suspensions of infected suckling mouse brain. Vero cells were grown at 37 °C in 6o mm plastic Petri dishes in Medium I99 containing I4mM-Hepes buffer (N-2-hydroxyethyl-piperazine-N'-2-ethanesulphonic acid) and maintained in Eagle's minimum essential medium (MEM) containing o.I% bovine serum albumin (MEM+BSA). The A. albopictus (Singh) cells were supplied by Dr Sonja Buckley (Yale University) and were grown at 28 °C in glass Petri dishes (6o mm) in modified Mitsuhashi and Maramorosch (M-M) medium (Buckley, 1969) plus 2o % foetal calf serum at pH 6-8 to 7"0. The cells were infected at passage levels 45 to 49-After infection they were maintained in M-M medium without iactalbumin hydrolysate, plus lO% dialysed serum.
Preparation of labelled cytoplasm. Confluent A. albopictus cells were infected at 28 °C at a multiplicity of infection of 5 or IO p.f.u./cell. After infection, the appropriate maintenance medium containing IO % dialysed foetal calf serum was added and the cells were incubated at 28 °C. Mock-infected cultures were treated similarly. The cell monolayers were pretreated with medium deficient in the appropriate amino acid before labelling with 35S-methionine or 14C-leucine (infected cultures) or ~H-methionine or 3H-leucine (mock-infected cultures). In some experiments cells were pre-treated and labelled in the presence of actinomycin D (as described in the legend to Fig. 4) . The procedure for labelling Vero cells, infected or mock-infected, after pre-treatment with actinomycin D has been described previously (Westaway, I973) .
Polyacrylamide gel electrophoresis. The preparation of 8 % SDS-phosphate gels and of the samples were as described by Westaway & Reedman (I969) except that the samples were heated at ioo °C for 2 min. The slab gels were poured as described by Studier (i973); SDS-discontinuous gels (Laemmli, ~97o) were prepared similarly except that the gels were 1 cm longer. A total current of 4oo to 45o mA-h was delivered to each SDS-phosphate gel and i2o mA-h to each SDS-discontinuous gel during overnight runs. Doubly labelled samples were electrophoresed in column gels for difference analyses as described by Westaway (I973). Slab gels were dried and applied to X-ray film for autoradiography or fluorography (Bonner & Laskey, I974) .
Reagents and isotopes. Hepes buffer was supplied by Calbiochem (Sydney, Australia).
Actinomycin D was a gift from Merck, Sharp and Dohme, Australia. The radioactive substrates were L-leucine 4,5-3H (5 Ci/mmol), L-leucine 14C (U) (33o Ci-mmol), L-methionine 35S (225 to 79o Ci/mmol), L-methionine 3H (5"5 Ci/mmol) and D-glucosamine 6-~H (2o Ci/mmol), obtained from the Radiochemical Centre (Amersham, England).
RESULTS
Yields of Kunjin virus in A. atbopictus (Singh) cells were Io 7 toIo 8 p.f.u./ml at 28 and 37 °C. The latent period was shorter at 37 °C (1o h) than at 28 °C (12 h). Total incorporation of radioactive amino acids into infected cell proteins was about twofold greater at 37 than at 28 °C. Infectious centre assays showed that by 24 h, 92 % of the cells were infected after incubation at 37 °C and 86 o/o at 28 °C. methionine-deficient medium at 37 °C for 4o min, and then labelled with 85S-methionine (5/*Ci/ml) for IO, 2o, and 4o min at 37 °C, followed by a chase for 4o rain with a large excess of unlabelled methionine. Uninfected A. albopietus cells were treated under the same conditions as the infected cultures and labelled with 3H-methionine (5 ° ~Ci/ml). Vero cells were pre-treated with 3 #g/rot actinomycin D at 2I h p.i. for 3 h, and then labelled for 4 h (infected culture -2 #Ci/m114C-leucine and the uninfected culture -20 #Ci/ml aH-leucine). Abbreviations: Uni -uninfected; Inf -infected with Kunjin virus; Aal -A. albopietus cells; NV I to NV5 -non-structural proteins, and V3 and V2 -envelope protein and core protein respectively of Kunjin virus (Westaway, I973) . The designation of NV3 is shown in parentheses because it cannot be resolved in slab gels from a host protein (Westaway & Shew, t977). Arrow heads are used to indicate the positions of virus-specifted proteins within profiles of A. albopietus cells. Samples with total counts of 6000 ct/min of a~S-methionine or 14C-leucine or z4ooo ct/min of aH-leucine were used for electrophoresis, and the autoradiogram of the dried gel was obtained by ftuorography (Bonner & Laskey, I974) .
Kunjin virus-specified protein labelled for m, 20 or 40 min at 2 4 h were poorly resolved in gel profiles from infected A. albopictus cells (not shown); profiles were improved when the cultures were chased for 4o rain after the labelling period with a large excess o f nonradioactive methionine (Fig. I ). Forty minutes o f labelling time followed by a 4 o rain chase-period produced the best defined profile. By reference to the profile o f Kunjin virusspecified proteins in Vero ceils, the non-structural proteins N V I to N V 5 (except NV3) and the structural envelope protein V 3 were identified in the profile o f infected A. albopictus cells. A host protein migrated in the same region as V3 (envelope protein), but in the infected sample the greater intensity o f the infected cell band indicated that V3 was super-imposed on it. The NV2½ and NV2 bands were not resolved from one another in the to min pulse sample, but were resolved after longer pulse periods. Similar delay in resolution of NV21 from NV2 occurs in infected Vero cells (Westaway, I977) . NV2 is slightly retarded in migration relative to NV2 from infected Vero cells, even after long labelling periods (see also Fig. 3a ). In infected vertebrate cells, NV 3 and NVX are detected with difficulty (Westaway, I973) or not at all (Wright & Westaway, I977) . In infected A. albopictus cells, a similar situation exists.
Recently it was shown that the Kunjin core protein V2 is represented in infected vertebrate cells by the slightly faster migrating protein NVI ½ (Westaway & Shew, I977) which is apparently derived from V2 by rapid post-translational trimming and removal of at least one tryptic peptide (Westaway, I977; Wright & Westaway, I977) . Despite several attempts using high specific activity sSS-methionine, we have been unable to label and purify Kunjin rapid trimming that occurs in Vero cells and tryptic peptide analyses are required to ascertain whether the primary product is trimmed completely to yield NVI½. Similarly, NV1 is apparently trimmed slowly after translation (Fig. I) but by 8 h migrates similarly to NVI from Vero cells (Fig. 3a) . In contrast, a delay of less than 4 rain occurs in the post translational processing of NVI in Vero cells (Westaway & Shew, i977) .
Identification of the Kunjin virus-specified proteins labelled in A. albopictus cells was confirmed by difference analysis (Westaway, I973) after co-electrophoresis of 14C-infected and ~H-uninfected SDS-treated cytoplasm (Fig. 2 ). When the labelling period was only 30 min, the host protein background was very high at 28 and 37 °C (not shown); hence the proportion of amino acid label incorporated into virus proteins was too low to permit a statistically significant analysis. The virus-specified proteins were defined better when labelled from 24 to 32 h, especially at 37 °C (Fig. 2) . As often occurs in similar analyses with infected vertebrate cells (Westaway, I973) , NV2½ and NV2 peaks were not clearly resolved from each other. Elimination of the host protein components permitted some resolution of NV 3 and NVX (Westaway, I973), but NVI was not resolved. The deficiency in ct/min apparent in the gross profile in the region of NV 5 is due to degradation by proteases during storage. In view of the high proportion of amino acid label incorporated into the host proteins (over 7o%) the 'net profile' (Fig. 2b) is surprisingly clear.
Because of the success with labelling of proteins in Kunjin virus-infected cells, comparisons were made of the proteins specified by Sindbis virus (alphavirus) in A. albopictus cells.
The latent period (about 6 h) was shorter than that of Kunjin virus, but the yields in acute infections were similar (io 8 p.f.u./ml). In 8% SDS-phosphate and in IO~o discontinuous slab gels only one additional protein, which migrated in the expected position of the core protein of Sindbis virus, could be positively identified in infected cells ( Fig. 3a and b) ; its mol. wt. was 30000 in relation to Kunjin virus proteins used as markers. When Sindbis virusinfected cytoplasm labelled with ssS-methionine was co-electrophoresed in column gels with uninfected cytoplasm labelled with SH-methionine and the profiles subjected to difference analysis as in Fig. 2 , only the 30000 mol. wt. protein was clearly defined (not shown). Difference analysis indicated that Sindbis virus-specified protein synthesis represented only 15 % or less of total protein synthesis in acutely infected cells. Fig. 3 (a) shows that the post translational trimming noted in Fig. I , of NV2, V2 or NVI½, 24 to 32 h at 37 °C. At 22 h the uninfected and the Kunjin virus-infected cultures were pre-treated with methionine-deficient medium for 2 h at 37 oc and then labelled for 8 h at 37 °C with 2 #Ci/ml 3~S-methionine (infected cells) and with I6 /zCi/ml 3H-methionine (uninfected cells). Infected (O--Q) and uninfected (O---O) samples were mixed and co-electrophoresed in 8% SDS-phosphate cylindrical gels. These were subsequently sliced transversely into 50 equal fractions and the eluted radioactivity was counted in a liquid scintillation spectrometer to discriminate between 35S-and 3H-ct/min. The net profile of virus-specified proteins in (b) was derived from the gross profiles in (a) by difference analysis, as described previously (Westaway, I973, 1975) . Arrows indicate the expected positions of NV3 and NVI in the profile in (b) and the arrow heads indicate the expected positions of the other proteins based on molecular sizes in Kunjininfected Vero cells. K.unjin virus-specified proteins represent 25 % of the total 35S-methionine incorporation in infected A. albopietus cells.
Togavirus proteins specified in mosquito cells
and NVI from infected A. albopictus cells, labelled either at 28 or 37 °C, is such that after a long labelling period (8 h), the size and hence migration of these three proteins appears to be almost equivalent to their counterparts in infected Vero cells. In addition, NV5 from the mosquito cell samples migrates detectably faster than NV 5 in the Vero cell samples, and NV4 also exhibits signs of microheterogeneity. These differences are not observed in the SDS-discontinuous gel (Fig. 2b) .
Because of the high background of labelled host proteins in electrophoretic profiles of infected cell extracts, cells were pre-treated with actinomycin D before labelling in an attempt to overcome this problem (Westaway, I973) . A dose of o-I/zg/ml for 3 h reduced incorporation of 3H-uridine in uninfected A. albopictus ceils to Io% of incorporation in untreated cells. Toxic effects on the cells were observed only when the monolayers were exposed to the drug for periods of greater than 24 h. Therefore infected cells were treated with o.I #g actinomycin D per ml from 2I h post infection (p.i.), and labelled in amino acids from 24 to 28 h.p.i, in the continuing presence of the drug. The combined effects of infection and the actinomycin D treatment apparently partially suppressed the synthesis of host proteins and definition of Kunjin virus-specified proteins in electrophoretic profiles was thereby improved, especially after labelling at 37 °C (compare Fig. 4a and b) .
Using the optimum conditions selected for labelling Kunjin virus-specified protein in
A. albopictus cells, labelling was attempted in infections with other flaviviruses, namely
Japanese encephalitis, West Nile and Dengue-2. Pre-treatment with actinomycin D pro- The samples were identical to those in (a) and a Io % SDS-discontinuous (Laemrnli) gel was used for electrophoresis. In this gel system, NV2 and NV2½ labelled in Vero cells separate well, but NVI and NVI½ migrate at the dye front (Wright et aL 1977) . The lower half of the gel was exposed for several additional days but the bands representing NV2 and NV2½ in the A. albopictus cell sample remained poorly defined. In (a) and (b), the arrow indicates the migration position of a protein of mol. wt. 30000 induced only in Sindbis virus-infected cells.
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Togavirus proteins specified in mosquito cells (Fig. 6) . Westaway, 1973) . Although synthesis of alphavirus-specified RNA is readily detected in A. albopictus cells (Eaton & Regnery, I975) , translation into most of the virus proteins must be restricted to the minimum requirements for production of progeny virions.
Togavirus proteins specified in mosquito cells
Our attempts to enhance the synthesis of virus-specified proteins relative to host protein synthesis produced only limited success with Kunjin virus. In unpublished experiments we were unable to achieve any differential inhibition of host protein synthesis in infected A. albopictus cells by use ofa hypertonic inhibition block or its reversal (Saborio et al. I974; Nuss et al. I975; Westaway, x977) with excess NaC1 or KC1. Fortunately, we were able to confirm the identity of nearly all the Kunjin virus-specified proteins by difference analysis.
Apart from their superior definition relative to Sindbis virus-specified proteins, the most intriguing observation with the Kunjin virus proteins specified in A. albopictus cells is the relatively slow post-translational trimming and the small but reproducible differences in migration of several proteins in SDS phosphate gels compared to their counterparts from the vertebrate Vero cells. Definition of flavivirus proteins has recently become increasingly complex (Westaway, I977; Westaway & Shew, I977) . At present it is not possible to interpret the small increase in migration observed with NV 5 from infected A. albopictus cells. However, a similar increase for NV5 was noted in samples from infected Vero cells labelled in carbohydrates compared to amino acid-labelled samples (Westaway & Shew, I977) . The. slight retardation in migration of NV2 and of Vz/NVI½ relative to Veto cell samples indicates that the post-translational trimming of these proteins, which occurs rapidly in Vero ceils (Westaway, I977) , not only occurs very slowly but may be incomplete in mosquito cells. All of these observations suggest variable host cell effects in processing of virus-specified proteins, but further experiments are necessary, including analysis of structural proteins of purified flaviviruses grown in A. albopictus cells, pulse-chase experiments and tryptic peptide analyses. The deficiency in sialie acid as the terminal carbohydrate of oligosaccharides from the envelope glycoproteins of Sindbis virus grown in A. albopietus cells (Stollar et al. r976) due to the absence in these cells of sialyl transferase activity is relevant to possible host cell effects. However, both forms of the envelope protein V3 from Kunjin virus-infected mosquito ceils (labelled in glucosamine) migrated identically with their counterparts from Vero cells (Fig. 6) .
These preliminary results on translation of togavirus proteins in mosquito ceils are of additional interest in that they provide an alternative system to vertebrate cells for further investigation of the apparently unique strategy of replication of flaviviruses which involves neither subgenomic species of messenger RNA nor post-translational cleavage (Boulton & Westaway, ~977; Westaway, I977; Wright et al. I977; Wright & Westaway, ~977) . Furthermore, because the post translational trimming of the assumed primary gene products which yield NV2, Vz/NVI½ and NVI occurs relatively slowly in A. albopictus cells, this trimming process will be more amenable to study than in vertebrate cell systems. This work was supported by grants from the National Health and Medical Research Council of Australia.
